ABSTRACT. Two anti-dynein-1 antibodies were affinity-purified from rabbit antiserum produced by immunization with dynein-1 from sea urchin sperms. One was prepared with dynein-1 as the ligand and the other with the A heavy chains of dynein-1 as the ligand. In Western blots of axonemal proteins, the former antibody reacted with the A heavy chains of dynein-1 as well as with several other smaller polypeptides, whereas the latter bound almost exclusively to the A heavy chains.
In view of certain well-studied types of cell motility, such as cytoplasmic streaming (21) and flagellar and ciliary movements (11) , search for the force-generating molecules in the mitotic apparatus might shed light on the movement of chromosomes in dividing cells. The involvement of actomyosin-based motility, however, is dubious because there is no indication that there is increased accumulation of actin in the spindle (2, 18) ; also, actin and myosin inhibitors have no effect on anaphase chromosome movement (3, 7, 24 ). It appears that cellular movements based on microtubules (MTs) merit more attention (16, 34) .
Mohri et al. (27) were the first to use an antidynein antibody to cleaving sea urchin eggs. Using indirect immunofluorescence with a rabbit antiserum against fragment 1 A (an ATPase-active tryptic fragment of dynein-1 (29)), they found intense fluorescence localized in the mitotic apparatus and the cortex which suggested the presence of dynein in these structures.
In collaboration with Mohri and Ogawa, we found that the same antiserum also stained the spindle of rat-kangaroo PtK1 cells, as did another rabbit antidynein-1 prepared by Ogawa (18, 19, 31, 32) . Preliminary absorption experiments indicated that the fluorescence was due mainly to the presence of dynein-1 or a related antigen(s). In addition, immunofluorescent studies made of various types of cells using Ogawa's antidynein revealed a similar localization pattern of fluorescence in the spindle of all the somatic cells investigated, both vertebrate and invertebrate. A third antidynein antiserum obtained in our laboratory was prepared in the same way as the second antiserum from a rabbit sensitized with purified dynein-1 isolated from sea urchins (17) . We report here that two antibodies that we affinity-purified from this antiserum also stained the spindle of PtK2 cells. One of these antidyneins bound almost exclusively to the A bands of dynein-1 in immunoblots of axonemal proteins, evidence that the spindle contains either the A heavy chains of dynein-1 and/or some other cross-reactive antigen(s). 
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Characterization of two antidynein antibodies. The dynein-1 used to purify an anti-dynein-1 was composed virtually of A heavy chains only, the admixture of polypeptides related to dynein-1 (e.g., intermediate chains) being almost negligible (Fig. 1, lane 2) . Results of immunoblots of 0.5 M KCl-extractable axonemal proteins lanes 1 and 2) , and immunoblot characterization of affinity-purified anti-dynein antibodies using axonemal proteins (lanes 3-6). Polyacrylamide gel electrophoresis was run in 0.1 % sodium dodecyl sulfate by Laemmli's method on 5-12% (lanes 1 and 2) connected by a fluorescent intercellular bridge, whereas the midbody in the bridge appeared dark. Nuclear fluorescence reappeared (Fig. 9) . The patterns of fluorescence obtained by the A anti-dynein antibody that had been affinity-purified with A heavy chains of dynein-1 were very similar to those obtained with the D antidynein (Fig. 13) . Briefly, the specific fluorescence was present (Figs. 6 and 7 Anaphase chromosome movement in isolated mitotic apparatuses of sea urchin eggs, which requires ATP and Mg2+, was prevented by anti-dynein (fragment 1A) antiserum (40, 41) or vanadate ions in the + 5 oxidation state, which state is a potent inhibitor of ciliary and flagellar ATPase. In the permeable cell models of Cande and Wolniak (6) also, anaphase chromosome movement was stopped by + 5 vanadate ions. After movement stopped, it could be restarted by converting the vanadate to the inactive + 4 state. Although the chromosome movements in these models were considerably slower than in living cells, even in the absence of vanadate and antidynein, the experiments do indicate strongly the involvement of dynein in anaphase chromosome movement.
Based on their studies of nucleotide requirements for, and the effects of dynein inhibitors on, anaphase movement in permeable mitotic cells, more recent reports by Cande's group (8, 9) rule out the possibility of tubulin-dynein mechanochemistry in chromosome-to-pole movement (anaphase A). Dynein or dynein-like Mg•ATPase appears, at least in part, to be responsible for the separation of the spindle poles in anaphase (anaphase B). It is not clear, however, whether dynein functions in the chromosome-to-pole movement.
Currently we are conducting microinjection experiments on mitotic PtK2 cells using antidynein and inhibitors of dynein ATPase (20) . Preliminary results show that when sodium metavanadate or erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA) is injected in early anaphase, chromosome movement is inhibited, and both chromosome-to-pole movement and the separation of poles is suppressed. However, anaphase chromosome movement is normal in cells injected with the antidynein D affinity-purified in the present study with dynein-1 as the ligand. The observed effects of vanadate and EHN A are consistent with an anaphase model in which a dynein-mediated sliding mechanism is employed. (This is not necessarily limited to the sliding models (25, 26, 28) already proposed.) Any interpretation of the results of antidynein injection at this time would be premature because no data are available on such properties of the antibody used as its effect on the motility of demembranated sperm models and on the ATPase activity of dynein-1, both of which are now under investigation in our laboratory.
